Abstract
Introduction
Unhealthy eating habits during childhood can negatively impact on children's growth and development and is a risk factor for nutritional deficiencies and non-communicable disease occurrence 1, 2 . Assessing food consumption in this life stage can contribute to public policies aiming at improving food consumption adequacy 3, 4 .
As nutrients and foods are not consumed in isolation, dietary pattern assessment is more appropriate when investigating food consumption as it considers the synergy of nutrients and food groups. Diet quality indexes are composed of multiple interrelated dietary components and are valuable instruments to investigate dietary patterns 5, 6 .
In Brazil, several studies have indicated poor diet quality among children and adolescents and higher inadequacies for fruits, dairy, whole grain, and vegetables consumption 7, 8, 9, 10 . However, these studies did not adjust the diet quality distribution for day-to-day variance, which can lead to unrealistic estimates of the proportion of children with alarmingly poor diets 11 .
This study aims to evaluate diet quality adjusted for day-to-day variance among 8-to 12-year-old children from Belo Horizonte, Minas Gerais State, Brazil, measured by the Healthy Eating Index-2010 (HEI-2010) 12 , which was adapted to Brazilian food habits and to the Brazilian Ministry of Health recommendations 13 . Our results can potentially contribute to Brazilian nutrition policies that aim to improve diet quality in childhood.
Methods
This is a descriptive study conducted with 8-to 12-year-old children from Belo Horizonte, the capital city of the Minas Gerais State. Belo Horizonte has 2,375,151 inhabitants and 331.4km 2 of land area.
The estimated required sample size was 1,067 participants, considering a score of 50% on the adapted HEI-2010, 5% as the significance level (α = 0.05), and 3% as a maximum estimative error. Public municipal schools (serving 1,599 children) were randomly selected and invited to participate in the study. This selection was defined according to the number of children in each regional municipality. Of those invited, 185 (11.6%) were absent on the data collection days, 53 (3.3%) presented difficulty in reporting their food consumption and were excluded from the analysis, and four (0.3%) refused to participate in the study. Thus, our final sample was comprised of 1,357 children. Children with mental impairment were excluded.
This study was conducted according to the guidelines of the Declaration of Helsinki, and parents provided written consent for their children to participate in the study. All measures and procedures were approved by the ethics committee.
Data were collected between March 2013 and August 2015. Dietary intake was evaluated by one 24-h dietary recall (24HR) for the whole sample (n = 1,357); a second 24HR in non-consecutive days within the same week was administered in a randomly selected subsample of 524 individuals (38.6%) to remove the effect of the within-person variance in the intake distribution. We assumed a replication rate of approximately 40% because this percentage is associated with lower loss of precision estimates 14 . Trained dieticians were responsible for conducting these interviews. Children reported all food and beverages in quantities and preparation forms. Food consumption was collected during the whole year and comprised weekdays and weekends. Real household measurements were used to help participants in reporting the amount of food consumed. In addition, when children expressed doubt about a type of food or beverage, they were shown images using a mobile phone.
Although assessing dietary habits among children is challenging, because of their lack of literacy and writing skills, limited food recognition skills, and constraints of memory and concentration span, methods such as the 24HR are useful in capturing important information on children's individual intake of foods and drinks. No objective method for assessing dietary patterns exists, and despite the reporting bias and lack of precision associated with self-report methods, consistent links between dietary variables and prevalence of disease have been detected 15 . The consensus indicates that children below the age of 8 years unlikely are able to accurately report their dietary intake 15, 16, 17 . Children older than 8 years, therefore, may be asked to respond to a dietary recall themselves.
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The food composition table proposed by the Brazilian Institute of Geography and Statistics (IBGE) 18 was used for obtaining food chemical compositions. Also, recipes were broken down according to their ingredients to better classify foods into their respective food groups.
Other children's information was collected aiming at characterizing the sample profile. Children's sex, age, and address were collected from school records. We classified children's social vulnerability risk by their residence address using the 2012 Health Vulnerability Index (IVS-2012), which combines census tract socioeconomic characteristics and sanitation quality in a single synthetic indicator 19 . In addition, children's weight and height were measured to determine children's nutrition status in accordance with their body mass index (BMI). World Health Organization (WHO) growth charts 20 and the Brazilian Food and Nutritional Surveillance System (SISVAN) cut-off points 21 were used to classify children's BMI by age in: underweight, eutrophy, and overweight.
The adapted HEI-2010 was used as a measure of diet quality. The HEI-2010 12 was published in 2013 in accordance with the 2010 U.S. Dietary Guidelines 22 and is applied to individuals older than 2 years. It is composed of 12 items addressing total fruit, whole fruit, total vegetables, greens and beans, whole grains, dairy, total protein foods, seafood and plant proteins, fatty acids, refined grains, sodium, and empty calories. Each component has a minimum score of 0 and a maximum score of 5, 10 or 20. The total HEI-2010 score ranges from 0 to 100, with higher scores indicating higher diet quality 12 . Aiming to approximate the HEI-2010 to Brazilian food habits and to the Ministry of Health recommendations 13 , some adaptations were made to the index. Box 1 shows the adapted HEI-2010 components and standards for scoring. However, this study did not aim to propose a new diet quality index for the Brazilian population; rather, we adapt the HEI-2010 to the Brazilian context.
The adaptations include: beans intake was computed using seafood and plant protein and total protein food components, instead of computing it using four components -total vegetables, green and beans, total protein foods, and seafood and plant protein. Brazilians consume beans very frequently -the prevalence of frequent consumption (≥ 5 times per week) of beans is estimated in 69.9% among Brazilian adolescents 23 -and computing intake of beans in four components could overestimate their score.
In addition, ultra-processed food products (such as mass-produced packaged breads and buns; cookies; breakfast "cereals"; "cereal" and "energy" bars; milk drinks; "fruit" yogurts and "fruit" drinks; meat and chicken extracts; "health" and "slimming" products such as powdered or "fortified" meal and dish substitutes; and many ready-to-heat products including preprepared pies and pasta and pizza dishes) did not account for adequacy components (total fruit, whole fruit, total vegetables, greens, whole grains, dairy, total protein foods, seafood and plant proteins) since Brazilian Dietary Guidelines recommend avoiding ultra-processed food products consumption 13 .
Regarding the scoring system, in our study, we used the same criteria proposed for the HEI-2010. Quantities of food and beverages consumed by children were converted into cups in accordance with the USDA Food Composition Databases (https://ndb.nal.usda.gov/ndb/, accessed on 02/May/2018). In case of components scored in ounces (oz), we assumed the convention 1 oz = 28.3495 grams.
The USDA Food Patterns are used to set the scoring standards for the HEI-2010 12, 24 . This reference translates key recommendations of the dietary guidelines into specific, quantified recommendations for types and amounts of foods to consume at 12 calorie levels 24 . Although these recommendations were set for an American population, the Dietary Guidelines Advisory Committee conducts an analysis of new scientific information on diet and health using a systematic evidence-based review methodology and prepares a report summarizing its findings 22 . Then, even though the HEI-2010 scoring criteria were not proposed based on the Brazilian Ministry of Health recommendations, these guidelines may represent general guidance to a high-quality diet.
To evaluate the validity and consistency of the adapted version of the index, extra analyses were conducted using the Brazilian National Dietary Survey (INA) sample, which is part of the 2008-2009 Brazilian Household Budget Survey (POF 2008 (POF -2009 18 . This survey collected two diet records of nonconsecutive days from 34,003 individuals over 10-years-old, who comprised approximately 25% of the total sample of the POF 2008-2009 18 . Considering that our sample was composed of children aged 8-to 12-years-old, we limited validity and consistency analysis to individuals between 10-and 12-years-old (n = 2,296) (i.e., from INA sample). Empty calories 10 20 ≤ 19% of energy ≥ 50% of energy 1 It does not include ultra-processed food products (this was an adaptation of the original HEI-2010).
2 It includes fruit juice. 3 It includes all forms except juice. 4 It does not include potato and other tubers. It does not include beans (this was an adaptation of the original HEI-2010). 5 
It includes only green vegetables. It does not include beans (this was an adaptation of the original HEI-2010).
6 It includes all sources of protein foods: all meat, eggs, seafood and plant proteins, including beans and peas. 7 It includes seafood and plant proteins, as well as beans and peas. 8 Ratio of poly-(PUFAs) and monounsaturated (MUFAs) fatty acids to saturated fatty acids (SFAs). 9 It includes refined cereals and grains and derivates such as rice, refined wheat flour, pasta, bread and biscuits made with refined flour. 10 Calories from solid fats, alcohol, and added sugars; threshold for counting alcohol is > 13g per 1,000kcal.
First, we determined whether the adapted HEI-2010 could assess diet quality independent on diet quantity. To evaluate this independence, the Pearson correlations of the adapted HEI-2010 total and component scores with energy intake were calculated. Low correlations between energy and the scores are consistent with independence. Secondly, we examined the underlying structure of the adapted HEI-2010 through principal components analysis (PCA) for determining whether 1 or > 1 dimension accounted for the systematic variation observed in the data. We also assessed the internal consistency using Cronbach's coefficient, which examines the degree of association between the components within an index. Estimates of α > 0.70 are considered reliable. Finally, to determine which components have the greater influence on the total score, we examined the correlations of each of the components with the total score. All these analyses were conducted in the Stata software, version 13.0 (https://www.stata.com).
The analytic technique used to estimate the multivariate distributions of usual diet quality is an extension of the U.S. National Cancer Institute (NCI) method and uses a multipart, nonlinear mixed model with correlated random effects to produce distributions of usual intake 25 . This technique was chosen because it enables correcting measurement error for multivariate distribution. Other methods are proposed to correct the distribution of one or two components (a ratio of nutrients, for example), but they are not applicable to multivariate distributions 11, 25 . Analyses were conducted using SAS, version SAS on demand (https://www.sas.com/) and MACROS provided on the NCI website (https://epi.grants.cancer.gov/diet/usualintakes/macros_multiple.html). These MACROS score each HEI-2010 component according to its consumption and scoring criterion, and correct the distribution for day-to-day variance.
The adapted HEI-2010 total and component scores were shown as mean and percentiles (10th, 25th, 50th, 75th, and 90th). Also, the proportion of children achieving the maximum score for each adapted HEI-2010 component was used as an adequacy percent for each component.
Results
The sample was homogenous regarding sex (51% of male and 49% of female); most children (68.8%) were between 9-and 10-years-old, and 53.9% of them lived in low/medium social vulnerability risk areas. Almost one-third of children (32.8%) showed overweight.
The adapted HEI-2010 total score was 51.8. Children with poorer diet quality (< 10th percentile) scored less than 41.1, and children with higher diet quality (> 90th percentile) scored more than 62.4 ( Table 1 ). None of the children scored more than 80.
The adapted HEI-2010 components adequacy was typically low. Higher percentages were identified for total protein foods (94.9%), greens (52.3%), and seafood and plant proteins (52.2%). Seven components showed less than 10% of adequacy: refined grains, fatty acids, dairy, sodium, total vegetables, empty calories, and whole grains ( Table 1) .
Regarding the adapted HEI-2010 validity, all component scores had low correlation with energy (r < 0.30) ( Table 2 ). Our PCA showed five dimensions underlie the adapted HEI-2010; in other words, no single linear combination of the components of the index accounts for a significant proportion of covariation in the key food groups and nutrients that make up a total diet.
Finally, reliability analysis showed the standardized Cronbach's coefficient was 0.5795 (unstandardized: 0.6039). In addition, correlations among the various component scores ranged from 0.075 for total protein foods to 0.516 for total fruits. Eight of the components had moderate correlations (0.3 ≤ r ≤ 0.70) with the adapted HEI-2010 total score ( Table 2) . 
Discussion
Our study showed poor usual diet quality among a sample formed of Brazilian children and pointed out diet quality components with higher inadequacies. These results have important public policy implications.
Other studies with Brazilian children identified higher mean diet quality scores than those observed in our sample (from 59.7 to 75) according to different diet quality indexes 7, 8, 9, 10 . Despite this, these investigations identified main inadequacies for fruits, dairy, whole grain and vegetables consumption, similar to our study 7, 8, 9, 10 .
Regarding international data, the HEI-2010 was applied in children's diet quality assessment in the USA 26 and in Puerto Rico 27 . In comparison to 9-to 13-year-old American adolescents 26 , the Brazilian children scored more in the adapted HEI-2010 and in total vegetables, greens, seafood and plant protein, and empty calorie components. In Puerto Rico, 12-year-old-children from public schools showed a mean total HEI-2010 of 49.3, and the components that scored relatively low were total fruit, whole fruit, total vegetables, whole grains, seafood and plant proteins, and fatty acids 27 .
Comparisons are limited because of the diversity of indexes used in the literature, and none of the aforementioned studies considered ultra-processed food product participation in adequacy components. Sociodemographic and economic characteristics of the sample can also contribute to differences in diet quality. Younger children tend to have better diet quality than older children 26 . Gender is not associated with differences in diet quality 26 . Regarding social vulnerability, children living in low socioeconomic areas are more exposed to a lower density of establishments that sell foods, which can contribute to lower diet quality 28, 29 .
In addition, limitations should also be discussed in our results. First, the diet quality index used to evaluate children's usual diet quality was not proposed specifically for a Brazilian population. The actual diet quality index proposed for Brazilians was published in 2011 30 , before the Brazilian Dietary Guidelines were released in 2014 13 . These new guidelines recommend preferring natural or minimally processed foods and freshly made dishes and meals to ultra-processed products. Developing a diet quality index based on Brazilian dietary guideline recommendations is very important 31 but it is also a challenge as no quantitative recommendation is made about the amounts of food to consume. Although HEI-2010 does not consider food processing in its components, the instrument is organized mostly in food groups, and its scoring system favors the consumption of natural or minimally Cad. Saúde Pública 2019; 35(4):e00044418 processed fruit, vegetables, and protein foods 12 . In addition, HEI-2010 contains the moderation components refined grains, sodium, and empty calories, usually found in ultra-processed foods 12 .
To minimize this limitation and strengthen our results and conclusions, we evaluated the validity and consistency of the adapted HEI-2010 used in this study. As in other diet quality indexes 12, 30, 32 , correlations between energy and component scores were low, denoting that the index evaluated diet quality independently on diet quantity. The indexes cited above 12, 30, 32 also presented from four to six dimensions according to PCAs. Regarding reliability, the original HEI-2010 12 presented the Cronbach's coefficient of 0.68, indicating moderate internal consistency. Finally, the strongest relationships identified in this study between total score and fruits (total and whole), vegetables (total and greens), and whole grains denote that adequately consuming these food groups would provide a higher diet quality total score. By these analyses, we could conclude that the index used in this study is adequate to evaluate diet quality. However, it should be reinforced that we did not aim to propose a new diet quality index to Brazilians in this investigation.
In addition, as mentioned in the methods section, this study obtained children's intake data by their own referral, which could underestimate their food consumption 15, 16, 17 . Nevertheless, most studies that have evaluated the accuracy of self-reported dietary intake information by children aged between 8-and 12-year-old using direct observation, doubly labeled water or double-portion method have reported a good concordance between the reference method and the children report 17 . In this study, we also used real household measures and food images to help children define food portion sizes and identify food items.
After recognizing the study limitations, it is also important to discuss its potential. This study is the first to present the usual diet quality distribution of a sample of Brazilian children adjusted for day-to-day variance. As previously mentioned, diet quality distributions obtained from non-adjusted data can lead to unrealistic estimates of the proportion of children with alarmingly poor diets 11 .
From the Brazilian public health perspective, this study has an important interface with the Brazilian School Feeding Program (PNAE). This program started in 1955 and has evolved over the years. Today, its objectives are to contribute to the students' biopsychosocial development and academic achievement by meeting their nutritional needs while in the classroom, and by supporting the formation of healthy habits through food and nutrition education. Since 2001, at least 70% of the funds are spent on basic foods and, since 2009, at least 30% of foods used in school meals are purchased directly from family farms. Thus, the quality of school meals has progressively improved; the availability of fruits and vegetables has increased. However, national standards regarding menu composition have not yet been met 33 . Our study pointed out some aspects of diet quality that could be improved in school menus.
In addition to PNAE, other public policies are to be implemented in Brazil in the coming years 34, 35 . These include implementation of fiscal policies, such as taxes on sugar-sweetened beverages and energy-dense nutrient-poor products and regulation of food marketing and labeling 32, 33 . These actions are necessary to change Brazilian diet quality and improve health. Our results identify food groups that are priorities to be incorporated in these actions.
In summary, we find poor diet quality among Brazilian children after adjustments for day-to-day variance. Studying usual dietary patterns among Brazilians generates findings useful for planning public policies aiming to improve diet quality. 
